Pea (Pisum sativum L.) is the second most important grain legume crop in the world which has a wide array of uses for human food and fodder. One of the major factors that determines the use of field pea is the yield potential of cultivars. Presently, pre-sowing inoculation of pea seeds and foliar application of microelement fertilizers are prospective solutions and may be reasonable agrotechnical options. This research was undertaken because of the potentially high productivity of the 'afila' morphotype in good wheat complex soils. The aim of the study was to determine the effect of vaccination with Rhizobium and foliar micronutrient fertilization on yield of the afila pea variety. The research was based on a two--year (2009)(2010) controlled field experiment, conducted in four replicates and carried out on the experimental field of the Bayer company located in Modzurów, Silesian region. experimental field soil was Umbrisol -slightly degraded chernozem, formed from loess. Nitragina inoculant, as a source of symbiotic bacteria, was applied before sowing seeds. Green area index (GAI) of the canopy, photosynthetically active radiation (PAR), and normalized difference vegetation index (NDVI) were determined at characteristic growth stages. The presented results of this study on symbiotic nitrogen fixation by leguminous plants show that the combined application of Nitragina and Photrel was the best combination for productivity. Remote measurements of the pea canopy indexes indicated the formation of the optimum leaf area which effectively used photosynthetically active radiation. The use of Nitragina as a donor of effective Rhizobium for pea plants resulted in slightly higher GAI values and the optimization of PAR and NDVI. It is not recommended to use foliar fertilizers or Nitragina separately due to the slowing of pea productivity.
INTRODUCTION
Pea and bean are traditionally edible leguminous plants in Europe (S m i l , 1997). Currently, field pea is cultivated as an agricultural plant for food and fodder purposes, but seed and overground biomass yield are very changeable due to the quality of the habitat, the weather pattern during the growing season, and yield potential of cultivars (J e u f f r o y and S eb i l l o t e , 1997; B a i g o r r i et al. 1999 ; C a r r a n c a et al. 1999 ; P o g g i o et al. 2005 ; A n n i c c h i a r ic o and I a n n u c c i , 2008; Z a j ą c et al. 2012) . It is believed that leguminous plants, including field pea, are suitable for ecological agriculture in temperate climate (C o r r e -H e l l o u and C r o z a t , 2005). Recently, field pea may also become an important plant for sustainable agriculture because of its high yielding potential, which allows one to collect as much as 300 kg N ha -1 from aboveground biomass, of which 70% is deposited in seeds (J e u f f r o y and N e y , 1997). K l i m e k and Z a j ą c (2009) suggested that in spite of the impressive progress in pea productivity, which results from the synergistic effect of farming and agriculture, this plant is still unable to fulfill the needs of farmers. Therefore, a continuous reduction of pea acreage in favour of soybean (world) and rape (Europe) is observed.
The occurrence of soil drought during the growing season of pea strongly reduces the nitrogen fixation process (C a r r a n c a et al. 1999 ). Moreover, A r m s t r o n g et al. (1994) stated that nitrogen fixation of pea during the growing period in more humid and colder regions of Australia reached 100 kg N × ha -1 . It is emphasized that water and nitrogen availability during the growing period of pea determine the production capacity of its crop (J e u f f r o y and N e y , 1997). J e n s e n (1996) determined that pea uses only a small part of soil nitrogen -during one growing season it obtains only 22 kg N × ha -1 from soil. C o r r e -H e l l o u and C r o z a t (2005) showed that in 1999 and 2000 'Nitouche', a high-yielding pea variety, was able to fix 60.1 and 65.1% of total accumulated nitrogen, respectively. According to D u n et al. (2006) , low soil nitrogen content inhibits the growth of pea plants and simultaneously stops the formation of lateral branches. On the other hand, too high concentration of mineral forms of nitrogen, originating from mineral fertilization, causes intensive elongation growth of the main and lateral shoots. This increases the growth of aboveground biomass, leads to early crop lodging and deteriorates the relationship between the generative and vegetative parts of plants. In agriculture, this results in the impossibility of economically effective pea cultivation for seed, because nitrogen fertilization extends the plant growing season and increases the susceptibility to canopy lodging (J e u f f r o y and S e b i l l o t e 1997; M a r t y n i a k , 1997). B o r o s and S a w i c k i (1997) emphasize that new high-yielding pea cultivars have high soil and cultivation technology requirements. It may be assumed with high probability that pre-sowing inoculation of pea seeds and foliar application of microelement fertilizers are currently prospective solutions and may be reasonable agrotechnical options for sustainable agriculture. This research was undertaken because of the potentially high productivity of the afila morphotype in good wheat complex soils. Its cultivation should be developed in such conditions, thus obtaining the best economic efficiency. The objective of the research was to assess the productivity, seed yield and vegetation indices of the pea canopy after seed vaccination with Rhizobium and foliar micronutrient fertilization.
MATERIALS AND METHODS
The research was based on a controlled field experiment, conducted in four replications and carried out in the experimental field of the Bayer company located in Modzurów (50 o 09'N 18 o 07'E), Silesian voivodeship. The experimental field soil was Umbrisol -slightly degraded chernozem, formed from loess, classified as good wheat complex and soil class II, therefore the soil conditions were sufficient for the needs of pea (Pisum sativum L.). The soil pH was neutral (pH in 1 mol × dm -3 ) and the nutrient-richness of the topsoil layer was high: phosphorus 19.1 mg × 100 g -1 soil; potassium 21.7 mg × 100 g . Seeds were sown at a depth of 6 cm, with row spacing of 15 cm. Sowing density was 120 seeds × m -2 for the afila cultivar 'Tarchalska' of pea. A commercial vaccine, Nitragina TM inoculant produced by the company BIOFO-OD (Poland), was applied immediately before sowing according to the recommendations of the manufacturer, the company BIOFOOD, and the applicable methodology (D e a k e r et al. 2004 ). April of 2009 was a very dry month (6.1 mm precipitation) and this reduced the density of pea plants because germination was poor. On the other hand, a two-week period of rainfall occurred after sowing (59.5 mm precipitation) in 2010, which also resulted in poor germination. The foliar fertilizer Photrel TM was applied at a rate of 3 dm 3 × ha -1 at the beginning of pea budding. Photrel is a foliar fertilizer containing 5% B, 7% Mn, 0.4% Mo, 13.3% MgO, and 36.3% SO 3 . By using this foliar micronutrient fertilizer, the following amounts of nutrients were applied on a per hectare basis: 150g B, 210g Mn, 12g Mo, 400g MgO, and 1081g SO 3 . At the end of the flowering stage, the presence of the pea weevil (Bruchus pisorum) and pea moth (Laspeyresia nigricana) was controlled with Nurelle D 550 EC at a rate of 0.5 l ha -1 . Green area index of the canopy (m 2 × m -2 ), photosynthetically active radiation and normalized difference vegetation index (NDVI) were determined at characteristic growth stages. Before harvest -during the ripening stage -15 pea plants were sampled from the plots in order to perform biometric analysis. Total plant length, including the height to the first pod, length of the fruiting part of the shoot, number of nodes, and number of pods growing from the consecutive nodes were determined. Plants were harvested with a plot harvester. After collection, seeds were cleaned and the moisture content was determined. The final seed yield per plot was calculated for the water content of 14.5%. The obtained results were analysed by analysis of variance with the use of Statistica 9.1 software.
RESULTS
At the advanced growth stages -from budding to the flat pod stage -a relatively high green area index (GAI) ( Table 1) was observed for the pea crop analyzed. Apart from the photosynthetic surface area of the canopy, high photosynthetically active radiation (PAR) values were obtained. The use of vaccination with Rhizobium resulted in higher GAI and PAR values, but the differences between the treatments remained statistically insignificant. At the flat pod stage, the value of GAI reached 4.90. The value of this index was the highest (5.19) in 2010 and the lowest (3.75) in 2009. The highest GAI values at the budding-flowering stages were obtained in the treatment with the inoculant, while at the flat pod stage these values were the highest after additional application of Photrel. The application of seed inoculation with Rhizobium and the microelement fertilizer did not affect the GAI values, but it did not also increase the photosynthetic activity of plants (PAR and NDVI).
Despite a considerable variation in total precipitation in 2009-2010, the differences in total pea seed yield in the present study were only 10% -from 32.2 dt × ha -1 in 2009 to 36.7 dt ha -1 in the most rainy year -2010 (Fig. 1) . The seed yield was higher in the treatments with the inoculant Nitragina (35.8 dt × ha -1 ), however in the other treatments this value was similar (32.8 -35.4 dt × ha -1 ). In our study, an excessive amount of water decreased plant productivity and the number of internodes, while it did not have any significant impact on the GAI value (Table 1) .
During the subsequent stages of plant growth, the NDVI value decreased as a result of the development of stems and generative organs (Table 1) . A significant differentiation of GAI at the ripening stage of pea was found only in the worse year in terms weather conditions. The NDVI value was also significantly lower in 2010, which resulted from longer periods of rainfall during the growing season, and this caused a decrease in chlorophyll content in plants (Table 1) . The NDVI value did not vary between treatments at the successive growth stages. The highest value of NDVI was observed at the budding stage, while a decrease in leaf chlorophyll content was observed at the subsequent stages. On the other hand, a significant differentiation was observed between the years of the study. At the flowering stage, the NDVI value reached 0.75, while at the flat pod stage in 2010 it reached 0.59. The analysis of the morphological traits of pea at full ripeness (harvest of plants) revealed that both the separate application of inoculant 'Nitragina' and combined application with Photrel reduces the height to the first fruiting internode. In comparison to the other treatments, pods formed significantly lower on the shoot, counting from the ground level (Table 2 ). The separate application of Photrel or its combined application with Nitragina increased the fruiting part of the shoot, which caused a significant increase in the percentage proportion of the shoot with pods in total shoot length.
The application of inoculation with Rhizobium decreased not only the total shoot length, which was mentioned earlier, but also decreased the length of a single internode. This impact was particularly visible in the combined use of Nitragina with Photrel (Table 3) . The combined use of Nitragina and Photrel increased the number of pods per pea shoot, but it also affected the number of pods formed within a single internode. Such results indicate the possibility of controlling the growth of afila morphotypes of pea (to some extent) and of improving the productivity of a shoot through a definite and significant increase in the number of pods. 
DISCUSSION
The use of inoculation as the source of effective Rhizobium bacteria for pea resulted in higher GAI and PAR values. The highest values of GAI at the budding-flowering stages were obtained in the treatment with Nitragina, while at the flat pod stage these values were the highest after additional application of Photrel. The application of Nitragina inoculation and microelement fertilizer did not affect the GAI values, but it did not also increase the photosynthetic activity of plants (PAR and NDVI), which was denied by N g e n o et al. (2012) . N a l b o r c z y k (1993) indicated that the afila morphotypes compensate smaller photosynthetic area of leaves by improving the light relations inside the canopy and by obtaining better canopy aeration. These factors probably determined the effectiveness of foliar microelement application.
The differences in total pea seed yield in the present study were only 10% -from 32.2 dt × ha -1 to 36.7 dt ha -1 . The seed yield was higher in the treatments with Nitragina, but in the other treatments this value was similar -35 dt × ha -1 . Other authors (M e r t e n s et al. 2011 , A n d r z e j e w s k a , 2002, Z a j ą c et al. 2013 ) have also indicated the fact that the response of pea varieties to Nitragina application and microelements differs between years. As presented by Z a j ą c et al. (2012), both the growing period and pod yield are strongly correlated with weather conditions and -to a lower extent -with cultivation technology (K s i ę -ż a k et al. 1998 ; H e l i o s and K o t e c k i , 2006). In the the present study, excess water decreased the number of pods produced and the number of internodes, while it did not have any significant impact on the LAI value. The divergent results of the observations in controlled conditions were obtained by W e s t g at e (1999) who found that the maximum efficiency of photosynthesis and the maximum seed yield are strongly correlated with the photosynthesis (GAI). This issue was studied by L e p i a r c z y k et al. (2005) and P r u s i ń s k i (2007) using extensive cultivation -without mineral fertilizers and with reduced tillage -and they found that any departure from agrotechnical practices significantly reduced the GAI value. This was also confirmed in the research carried out by S z w e j k o w s k a (2004) which showed that the level of expenditure on pea cultivation using comparable agricultural technologies significantly affected pea seed yield and partly compensated for adverse weather conditions during the growing seasons, irrespective of cultivar.
In the following plant development stages, the NDVI value did not vary between treatments at the successive growth stages. The maximum NDVI value was observed at the budding stage, while the minimum chlorophyll content in leaves was observed at the subsequent stages. At the flowering stage the NDVI value reached 0.75, while at the flat pod stage in 2010 it reached 0.59. Examining the NDVI values in chickpea, L a f o n d (2002) demonstrated that the content of chlorophyll in leaves was significantly higher after nitrogen application. The NDVI value increased linearly at the flowering stage, regardless of nitrogen rate. G a n et al. (2003) showed that an additional N dose of 15 kg × ha -1 at the ripening stage of lentil influenced the reduction of the root nodules, but it did not affect the yield.
The analysis of the morphological traits of pea revealed that both separate application of inoculation with Rhizobium and combined application with Photrel reduce the height of the first fruiting internode. Separate application of Photrel or combined application with Nitragina increased the fruiting part of the shoot, which caused a significant increase in the percentage proportion of the shoot with pods in total shoot length. These results correspond with the research by R o p o n e n and V i r t a n e n (2006) who observed that inoculated plants are more luxuriant, bloom a few days later and ripen a little later. The present study showed that atmospheric conditions were also important. The studies by K o t e c k i (1990), C z y ż (1993) and A n d r z e j e w s k a (2002) reported that the increase of seed yield affected by microelement fertilization resulted from the increase in the number of pods per plant and -to a lower extent -from the increase in the number of seeds per pod. P y t l a r z -K o z i c k a (2010) obtained different results in her study of lupine; the author showed that inoculation with Nitragina had a significant effect on increasing seed yield. However, the author of this study did not obtain any significant variation in the height of the first pod, number of pods per plant or number of seeds per pod. The increase in the number of pods formed in the fruiting internode in the present study was significantly affected by precipitation. Adverse rainfall conditions in 2010 did not compensate the loss of pods in the fruiting internode.
Application of Nitragina decreased not only the total shoot length, which was mentioned earlier, but also decreased the length of a single internode. This effect was particularly visible in the combined application of inoculation with nodule bacteria using Nitragina and Photrel. The combined use of Nitragina and Photrel increased the number of pods per pea shoot, but it also affected the number of pods formed within a single internode. Such results indicate the possibility of controlling the growth of afila morphotypes of pea (to some extent) and of improving the productivity of a shoot through a definite and significant increase in the number of pods. Analyzing the influence of nodulation on the morphological traits of various bean varieties, Y a d a v (1996) demonstrated a significant impact of this process on the number and size of nodules. However, the author did not obtain any significant differentiation of plant size after inoculation. The same author obtained a significant variation in the yield components of the analyzed bean genotypes. A significant increase in the number of pods, number of seeds per pod and seed weight was observed after Nitragina application. Different results were obtained in the present study -a significant differentiation in the morphological traits of pea, depending on the treatment, was obtained after Nitragina application. Significantly lower pea shoots were observed after Nitragina application. Additional foliar application of Photrel (Nitragina +Photrel) resulted in a significantly higher number of pods per shoot, which resulted in a higher number of fruiting internodes, higher number of pods in the internode and number of pods. Studies on the effectiveness of Rhizobium inoculation have concentrated on investigating the factors supporting the activity and effectiveness of the symbiosis with plants. Microelement fertilization may be one of these factors. The issue of microelements in pea cultivation was comprehensively evaluated by C z y ż (1993), B o c h n i a r z et al. (1987) , N o w o t n y -M i e c z y ń s k a and A r a ź n a (1965) as well as V a n e k and K n o p (1972) who investigated the relationship between microelement application and nodulation. The results of most studies indicated increased nodulation under the influence of foliar application of molybdenum. The study of A nd r z e j e w s k a (2002) showed a significant relationship between an increase in yield and foliar application of microelement fertilizers, but soil inoculation did not affect the structural components of the pea yield. Moreover, A n d r z e j e w s k a (2002) did not show the interaction of Nitragina and microelement application regarding pea yield. The increase in seed yield in the present research, similarly to the studies by the former author, resulted from the increase in the number of internodes and pods in the fruiting part of the shoot.
CONCLUSIONS
The presented results of this study on symbiotic nitrogen fixation by leguminous plants show that the combined application -foliar application of micronutrient fertilizer and seed inoculation with Nitraginaseems appropriate. It is not recommended to use foliar fertilizers or Nitragina separately due to the slowing of pea growth. The activity of N 2 fixation by legumes, expressed by the GAI, PAR and NDVI values, mostly depended on humidity conditions and temperature. The application of inoculation with Nitragina and the foliar fertilizer Photrel resulted in changes in the morphological traits of pea -the lower formation of pods and elongation of the fruiting part of the shoot as well as an increase of the percentage proportion of the fruiting part of the shoot in total shoot length. Productivity was determined by the number of pods per shoot. The negative impact of weather conditions in 2010 resulted in a significant decrease in the number of internodes per shoot and number of pods per shoot. The selected physiological indicators showed the formation of the optimum leaf area which effectively used photosynthetically active radiation. The use of inoculation with Rhizobium for pea plants resulted in slightly higher GAI values and the optimization of PAR and NDVI use.
